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PROJECT SUMMARY

The aim of this work is to create surfaces on implantable silicon microstructures for the
purpose of controliing the interaction of neurons, glia, and related cells and their protein
products with the microstructure. The third and fourth quarters were primarily devoted to
the examination of culture cenditions for earty embryonic cultures with an aim to promote
longevity in culture. We established E16 cortical cuitures which survived o 21 days. E19 to
19 davs. As presented in earlier reports, we established a rudimentary serum-free culture to
approximate the composition of cerebral spinal fluid (CSF} and have extended screened
artificial surfaces to: two (2) surfaces for E 14 response; nine {9) surfaces for E 16 cortical cell
response, thirteen {13) surfaces for E19 cortical cell response; six (6) surfaces for E22 cortical
cell respanse; two (2) surfaces for post-natal day 10 response; five {5) surfaces for glial
astrocyte cell response, and three (3) surfaces for microglial response.

Last quarter we primarily focused on later embryonic (E22) cultures: and post-natal
(PN'10) cultures in which we initiated a preliminary screening of substrates and examined
pracedures most suited to establishment of long-term survival of these more challenging
preparations. Experiments for culture of E14 embryonic tissue and post-natal day 2 microglia
were also initiated.

In the sixth quarter we concentrated more fully on E 14 , astrocyte and microglial
cultures, extending davs in culture for astrocvies and microglial to 26 and 18 days,
respectively. We examined the impact of substrate on neuronal subpopulations and
neurotransmitter production (E14). We also concentrated on statistical analysis of the results
of various experimental parameters (astrocyte), in addition to screening another substrate in
the microgilial culture.

Last quarter we showed improved stability of an artificial surface {silane monolayer on
glass) in the presence of protein, but also identified that the glass we used, which is porous,
dissolved after four to eight weeks -a complication which confuses the interpretation of the
results. We have redesigned the initial experiment to include 5i0x, as well as glass, and

invesligated a new SAM, 13F-Cls .



Additionally, we have prepared various SAMs, with particular emphasis on

modificatton with crosslinkers to allow attachment of biological macromolecules.

OBJECTIVES

Overall project objectives:

a) Selecting candidate surfaces thal are likely to enhance the microscopic mechanical
stabilization of a microstructure implanted within the central nervous svstem;

b) Selecting candidate organic surfaces that are likely to enhance the close
approximation of neurons or neuronal processes to specific regions of implanted
silicon microstructures;

¢} Developing or adapting available methods to bond the selected organic molecules to
a siticon dioxide surface like the surface of a micromachined electrode (Tanghe and
Wise, 1992} and to chemically characterize these surfaces before and after protein
adsorption.

1. The attachment method shall be stable in saline at 37°C for at least 3 months;

2. To use silane coupling as the method of attachment;

3. To use the silanes to control the spatal extent (i.e., the pattern) of the deposited
surface.

dy Developing a cell culture or nther suitable model of mammalian cortex and
investigate the growth and adhesion of neurons, gha, micro-glia, and other cells
present in the nervous system on substrates coated with the selected surfaces;

e} Cooperatling with other investigators in the Neural Prosthesis Program by coating
microelectrodes (estimated 50 over the contract period) with the most promising

materials for in vity evaluation as directed by the NINDS Project Officer.
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QUARTER OBJECTIVES

» Continue work to establish cortical cell culture conditions for
optimal 4 week survival
* Begin screening biologically modified SAM surfaces {or cortical cell survival
» Continue screening E14 response to artificial surfaces
* Finish screening E22 response to artificial surface
+  Continue screening PN1C response to artificial surfaces
» Continue surface analysis of surfaces both before and after culture
» Continue surface stability experiments in saline

+ {Continue screening surfaces for microglia respaonse

+ Send samples to Huntington ta continue i1 vtvo experiments as well as

explore other possibilities far collaboration in this area

BACKGROUND

Biomateriais that penetrate into the central nervous syslem as the microscopic electrode
shafts of neural prostheses interact with neural and other tissues on a cellular and molecular
level. In order to achieve tight coupling between these implanted microelectrodes and the
target neural substrate, this interaction must be understood and controlled. Controlling the
interaction requires an understanding of how cells, including neurons and glia, and
extracellular proteins respond to the surface chemistry and any leachabie substances of
implanted biomaterials. This contract supported research will study these interactions with 4
long-term goal of rationally designing microelectrode surfaces to promote specific tissue
interactions.

Presently, available ¢linical neural prosthetic implants tvpically use stimulus levels that
excite volumes of neural tissue ranging from cubic millimeters to cubic centimeters around the
electrode. Because of the large stimulus intensities required, precise control of the response of
neurons within the first few cell lavers of an implanted electrode has not been necessary.
Recent developments in the areas of micromachining and fabrication of silicon integrated

vircuit microelectrodes have introduced the possibility of controlled stimulation of smaller
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volumes of neural tissue—on the order of one thousand te one hundred thousand times

smaller than those used today.

The efficiency of these microclectrodes depends on the micro-environment around
stimulating sites. The surface of the microeiectrodes and the proteins that adsorb to this
surfece have a major impact on lhe way in which different cell populations react to the
implant. Neural growth cones are sent out from many neurons around a microelectrode
following implantation. With appropriate surfaces it mayv be possibie to get selected neurons
to send processes directly to the microelectrodes. Glia and other cells also respond to an
implanied electrode. With appropriate surfaces it may be possible to promote cell adhesien
and anchoring of some areas of the implant structure while leaving other areas with minimal
respanse from glial cells. This study will investigate cellular and molecular responses to

specific surface moditications of silicon microelectrodes.

RESULTS

Surtave Analysis and Stability Measuremnernts

X-ray photoelectron spectrascopy (XP5) is necessary for this program in the same wav
that an NMR spectrometer is necessary for conducting an organic synthesis program. Since
we are svnthesizing surfaces and modifying their properties, we will need to assay lhe result
of the surface before (starting material) and after (reaction product} moditication. This is
analogous to examining a procedure by NMR. One would not think to run a multistep
organic svnthetic reaction without an examination of the product at the end of each step; in
the same sense, it is crucial tor us to examine the product in our surface modification
experiments.

The stability of the silane monolavers has been investigated in a new experiment in
which two forms of the “13F" monolaver {R-CH,;-C11:-{CF;)s-CF+, R = Si-(CH: ) ~Cl, or $1-Cls]

have been tested on two different substrates, glass 22 X 22 mm cover slips (as in earlier




experiments, see quarterly reports 3 through 3) and on silicon wafers. The earlier tests
showed improved stability in the presence of dissolved protein (0.0¢1% BSA) but the
interpretation was clouded by the dissolution of the glass cover slip substrates. In the current
experiment which includes a higher concentration of BSA (0.1%), interestingly the trichlaro
13F monelaver {on 5i0x) has been found to be more stable than the monochloro 13F for short
periods.

We have also used XI5 to analyze the amounts of protein deposited by cells onto the
subslrates in one microglia, and one astracyte experiment. These post-mortem XPS results

will be discussed in more detail in the next quarterly report.

Surface modification

In this quarter, we have concentrated on research and production of some novel SAMs,
with particular emphasis on modification with biological macromolecules. One unique
property of SAMs is the availability ef surface functional groups which provide sites to do
additional chemistry. As 5AMs also provide a means of reproducibly controiling surface
functionality, modification of the surface functional groups with crosslinkers will allow
repealable attachment of selected biological macromolecules. Crosslinking chemisty (both
homotunctional and heterofunctional cross linkers) can be used to derivatize a SAM and
provide a verv selective and reactive surface to covalently link a number of different
macromolecules to the surface. Several of these cross linkers have been explored for reaction
to the functional head group of the SAM. A homobifunctional cross linker such as 1,4
phenviene diisothiocyanate can be reacted under basic conditions with these amine
functionalities leaving one reactive isothiocvanate on the surface for reaction to any terminal
amine from a biological protein such as BSA or laminin. This chemistry has been successfully

applied to our surfaces and cell culture experiments are being initiated.



Cell Crelture

As illustrated in previous reports, we have developed of a rudimentary serum-free
culture system for the cortical cells to more closelv approximate the composition of cerebral
spinal fluid (CSF). [n the fourth and fifth quarters, we concentrated on defining and
examining the culture conditions to optimize longevity for both cortical and astrocvie cultures,
in addition to initating microgliai and post-natal day 10 cultures and extending substrate
screening of E 22 and astrocvte cultures.

In the sixth quarter we concentrated on E 14 cuitures, astrocyte and microglial culiures,
extending both davs in culture for astrocvtes and microghial (26 and 18 days, respectively),
and our understanding of cell-substrate interactions. In particular, we examined the effect of
substrate and growth factors on neuronal subpopulations and neurctransmitter production
(E14} and the effect of substrate and growth factors on survival, attachunent, leading edge
extension, branching, node formation (astrocytes) (ko be presented more fully next quarter).
In addition to performing XI5 and substantial statistical analyses related to the El4 and
astrocyte cultures, we examined the effect of substrate on adhesion/survival of microglial
vultures (Figure 1).

Figure 1 shows a microglial culture at Day 12 {ixed and stained with OX-42 (1:100,
Serotech). Microgiia plated on poly-D-lysine contrels and DETA have improved attachment
and survival as compared to cells plated on the 13¥ monolayer. The cultured microglia

project thin processes and resemble ramilied microglia.

Collaborations

We have established a collaboration with W, Agnew at the Huntington Medical
Research Institute. While we have not vet specifically modified electrodes, we have
successfully modified the polyv-silastic sheath that holds a series of microelectrodes in place
along the spinal cord during implantation {(Agnew et al., 1990). One preblem we are fecused
on solving is that the sheath has glial scar buildup and adhesions that eventually displace the

electrodes laterallv (with adhesion) and vertically (due to buildup of tissue). We visiled



Huntington [nstitute after the Neuroscience meeting in November, and have planned a series
of experiments. We will begin a new series of experiments once the costs of the in z1ve work
is determined. We are also examining by surface anaiysis some postmortem sample supplicd

by D). Agnew’s group. These results are ongoing and will be reported at a later dale.
NEXT QUARTER OBJECTIVES

¢ Continue work to establish cortical cell culture conditions for
optimal 4 week survival
* Begin screening biologically modified SAM surfaces for cortical cell survival
» Continue screening E14 response to artificial surfaces
= Continue screening PN10 response to artificial surfaces
» Continue surface analysis of surfaces both before and after culture
= Continue surface stability experiments in saline on 50X/ glass

= (Conlinue screening surfaces for microglia response

+ Send samples to Huntington forin vive experiments as well as

explore other possibilities for collaboration in this area.

REFERENCES

Agnew, W.F., McCreery, D.B,, 1..A., and Yuen, T.G.H. (1990). Effects of prolonged electrical
stimulation of the central nervous svstem. In: Agnew, WE,, & McCreery, D.B. (Eds), Neural
Protheses pp. 225-232, (Prentice Hall: Englewood Cliffs, NJ).

Tanghe and Wise (1992). A 16-channel CMOS neural stimulating arrav. [EEE [rans. Sol Stufe
Circuits, 27:69-75.

A.E. Schaffner, ].L. Barker, D.A. Stenger and ].]. Hickman. (1995) Investigation of the Factors
Necessary for Growth of Hippocampal Neurons in a Defined System. [ Newrescience Methads
62; 111-119

|



EFFECT OF SURFACES ON CORTICAL MICROGLIAL
SURVIVAL AND GROWTH IN CULTURE
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